AIm: Surgical outcome for giant intracranial aneurysms (GIA) is suboptimal. Reasons for higher complication rates in large and GIA surgery are the occlusion of perforators or parent arteries during aneurysm clipping, or prolonged temporary occlusion of main arteries. In this article, results of clipping of large and GIAs of anterior circulation are presented. mAterIAl and methOds: Ten patients with large or GIAs in the anterior circulation were treated by clipping (10/19, 52%). The most common location was the middle cerebral artery (MCA, 5/10), followed by the anterior cerebral artery (ACA, 3/10), and internal carotid artery (ICA, 2/10). Five aneurysms were large (17-20 mm), five were giant (27-53 mm).
InTRoduCTIon
Intracranial aneurysms with a diameter of ≥25 mm are defined as giant. Definition of large and very large aneurysms is controversial; aneurysms with a diameter of ≥15 mm are large, and those with a diameter of ≥20 mm are very large (4, 5, 12) . Giant intracranial aneurysms (GIAs) represent 5% of all intracranial aneurysms (8, 14) . Natural history of GIAs is generally morbid due to hemorrhage, neural compression, and distal thromboembolism. Cumulative risk of rupture reaches up to 50% in five years after diagnosis (8) . After rupture, cumulative frequency of rebleed at 14 days is 18.4%. It is shown that mortality is above 60% within two years, and 80% of patients with untreated symptomatic GIAs are dead or totally incapacitated within five years of diagnosis (13, 14) .
Treatment of large and giant intracranial aneurysms challenges the neurosurgeon. As an aneurysm grows to a giant size, its neck widens and may incorporate the efferent arteries. The lumen usually contains a thrombus and the wall may become calcified. All of these features, alone or in combination, preclude simple clipping. Moreover, endovascular treatment of GIAs is not satisfactory because of lack of relief from mass effect, high complication rates in broad necked giant aneurysms, and failure to completely obliterate the aneurysm lumen. The definitive goal of aneurysm obliteration with Table I : Clinical and Radiological Characteristics of the Patients maintenance of adequate cerebral blood flow (CBF) and relief of mass effect therefore remains a surgical challenge (13, 14) . Surgical outcome for GIAs is still suboptimal. Reasons for higher complication rates in large and giant aneurysm surgery are the occlusion of perforators or parent arteries during aneurysm clipping, or prolonged temporary occlusion of main arteries (13, 14) . It is a common observation that aneurysms which are difficult to clip have for a lower chance of definite endovascular cure, and vice versa (13) .
Therefore management strategy of large and GIAs is individually tailored. Clinical outcome varies considerably even in neurovascular centers with experienced surgeons (9) .
MATERIAL and METHodS
Nineteen of 64 aneurysms operated by senior author (HZK) between the years 1998-2001 were large or giant (19/64, 29.6%). Ten patients with large or GIAs in the anterior circulation were treated by clipping (10/19, 52%).
The mean age of the patients was 49 years (range 17-69 years). Six patients were female, four male.
Five patients presented with subarachnoid haemorrhage, two with cerebral infarction, two with epilepsy, and one with increased intracranial pressure (ICP). One of the patients with cerebral infarction (patient 1) had right homonymous hemianopia; this patient had a left-sided giant ICA-OphtA aneurysm with an ipsilateral fetal type posterior cerebral artery. Second patient with cerebral infarction (patient 5) had left hemiplegia; this patient had a giant right MCA bifurcation aneurysm.
Initial diagnosis was made by CT and/or magnetic resonance imaging (MRI) in five patients with epilepsy, cerebral infarction, and increased ICP. All patients had preoperative digital subtraction angiography (DSA).
The most common location was middle cerebral artery (MCA, 5/10), followed by anterior cerebral artery (ACA, 3/10), and internal carotid artery (ICA, 2/10). Patient 7 had triple aneurysms; besides a large right MCA bifurcation aneurysm which had ruptured she had a right M1-anterior temporal artery aneurysm, and a right distal A2 aneurysm. Five aneurysms were large (17-20 mm), five were giant (27-53 mm).
Cervical ICA exposure, temporary parent artery clipping, temporary clip trapping, and suction decompression were used to facilitate definitive aneurysm clipping.
Clinical and radiological characteristics of the patients are shown in Table I .
RESuLTS
Uneventful aneurysm clipping was performed in eight, and cure was obtained in nine patients.
Neurological deficits in patients with preoperative cerebral infarction (patients 1, and 5) remained unchanged postoperatively. Patient 8 presenting with epilepsy died at fourth postoperative day due to progressive MCA ischemia and infarction; this complication is caused by recurrent and prolonged temporary clipping of M1, and M2 branches.
Patient
Six patients underwent postoperative DSA (three refused DSA, one died at fourth postoperative day). Five control angiograms displayed normal cerebral circulation. Control DSA of patient 5 showed MCA occlusion with aneurysm obliteration. Although with a neurologically benign course, this situation was defined as "technical failure" precluding the use of "uneventful aneurysm clipping" definition.
Three patients who refused postoperative DSA were followed by serial CT imaging; CT scans of these patients were relevant with normal postoperative findings.
Mortality and morbidity figures were 10% (1/10), and % (0/10), respectively.
Mean follow up time was 2.8 years (range 1-10 years).
Illustrative Cases
Patient 3. A 17-year-old female patient presented with uncal epilepsy. Neurological examination was normal. DSA showed a giant aneurysm of left middle cerebral artery (M1) ( Figure  1A ). The patient was operated by pterional trans-sylvian approach. The aneurysm was trapped with clips and then aspirated to gain space and then six tandem permanent clips were applied ( Figure 1B ). There was no neurological abnormality in postoperative period. In postoperative DSA, all major arterial vessels were patent ( Figure 1B ).
Patient 5. A 57-year-old female patient presented with left hemiplegia of three months' duration. Brain CT and MRI images were consistent with a giant MCA aneurysm. Preoperative DSA verified a giant aneurysm of right MCA bifurcation ( Figure 2A ). The patient was operated by pterional trans-sylvian approach. The aneurysm was trapped with clips and then aspirated to gain more space and then a long curved permanent clip applied to aneurysm neck ( Figure 2B ). In postoperative DSA, MCA was occluded (Figure2B); there was no recovery in hemiplegia at one year follow up period.
Patient 10. A 58-year-old male patient presented with headache. Papilledema was observed in neurological examination. In cranial MRI, a partially thrombosed giant aneurysm localized in right frontal lobe was detected ( Figure  3A ). This aneurysm localized on right distal ACA was verified with DSA ( Figure 3B ). The patient was operated by frontal interhemispheric approach. The aneurysm was trapped with clips and then aspirated to gain space and a right angled permanent clip was applied to the aneurysm neck ( Figure  3C ). There was no neurological abnormality in postoperative period. In postoperative DSA, cerebral circulation was normal ( Figure 3C ). Large and giant aneurysms have a poor prognosis (8, 13, 14) .
To improve this grim natural history, treatment must be based hemorrhage. More long-term follow-up data of coiled large and giant aneurysms are needed to assess the frequency of this phenomenon (8) . Gruber et al. (4) reported the results of endovascular treatment of 31 very large and giant intracranial aneurysms. In this study, procedure-related morbidity and mortality rate were 13.3% and 6.7% respectively. Complete or almost complete occlusion was observed in only 71% of patients, and a single procedure was the definitive treatment for only 12.5% of the giant aneurysms in the angiographic follow up (4).
Clipping of all large and giant aneurysms of anterior circulation was achieved in our patients with 10% mortality and 0% mortality rates. These morbidity and morbidity rates are similar to figures reported in previous series (1, 5, 7, 9, 11, 13) . Although endovascular treatment of large and giant intracranial aneurysms has lower procedure related morbidity and mortality rates, is still not the standard treatment modality due to low aneurysm obliteration rate. Therefore, surgical treatment of giant intracranial aneurysms is still indispensable. Results of this and previous studies show that clipping of large and giant aneurysms of anterior circulation has satisfactory results in experienced hands. Prerequisites for safe clipping of large and giant aneurysms are long-term experience in standard aneurysm surgery, thorough preoperative evaluation and planning, strict and early proximal vascular control, careful examination and understanding of aneurysm neck morphology, thoughtful application of adjunctive measures (temporary proximal clipping and trapping), and choosing the best (combination of ) clip(s) fit for aneurysm neck and parent artery.
The current results of definitive surgical and endovascular treatments in the best centers remain relatively poor compared with the improvements made in the results of treatment of smaller aneurysms. Surgical series have a minimum operative mortality of 7% and a minimum morbidity of 20%. On the endovascular side, there is a significant incidence of rebleeding after coil occlusion and a relatively high incidence of recanalization and coil compaction (3, 6) . A staged approach may be taken in patients with high-grade SAH, occluding the bleeding point and then planning definitive treatment once the patient has recovered (6).
In conclusion, clipping of large and giant aneurysms is still the best definitive treatment, and is applicable in majority of the patients.
on comprehensive pre and intraoperative planning. The basic principles of aneurysm surgery like proximal vascular control, sharp dissection, and meticulous preservation of branch and perforator arteries also apply for surgical treatment of large and giant aneurysms (14) .
Surgical treatment of large and giant aneurysms has an average mortality figure of 11% (range 6.9-15%) (1, 5, 7, 9, 11, 13 The results are encouraging but not satisfactory due to following reasons. First, the wide neck commonly found in giant aneurysms makes it difficult to close the aneurysm completely. Second, even if tight packing of coils is initially achieved, there is a high incidence of lumen recanalization secondary to coil compaction, coil migration into fresh soft thrombus within aneurysmal lumen, or regrowth of the residual cavity. Such complications may require multiple additional embolizations. Third, recanalization occurs more often from the high frequency of thrombus in the sac, which can be compressed following coil embolization and lead to enlargement of the residual cavity. Lastly, GIAs are most often located at the cranial ICA (Bouthillier segments C2-C7), and are prone to reopening or enlargement due to the higher volume of blood in the proximal carotid than at more distal locations. It seems reasonable to speculate that the high rate of recanalization of giant or very large aneurysms treated with coil embolization is related to blood flow directly toward their wide orifice on the tortuous cranial ICA (8) . After selective coiling, prolonged imaging follow-up at regular intervals is mandatory because early reopening is frequent. New data indicate that selective coiling does not always protect against continuous growth of the aneurysm in the next ten years, resulting in increasing mass effect and risk for recurrent
